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(57) ABSTRACT 

A method is presented for conveying information over a 
wireless interface in the form of a digitally encoded mes 
sage. A set of bits is provided as a first piece of information 
to be transmitted, and a certain baseband signal processing 
method is applied to process the bits to be transmitted. In 
addition, a second piece of information is provided to be 
transmitted and the baseband signal processing method is 
selected from a set of allowed baseband signal processing 
methods in accordance with the provided second piece of 
information. 

8 Claims, 8 Drawing Sheets 

110 

  

  

  

  

  

  

  

  

  

  



U.S. Patent Jun. 6, 2006 Sheet 1 of 8 US 7,058,132 B1 

10 110 
TAL BIT 

GENERATION 

102 
TRAINING SEO. 
GENERATION 

103 108 109 
INFORMATION BIT 
GENERATION 

106 
PARTY BIT 

CALCULATION 

107 

PROVIDER ADDER 

104 

105 
TAL BIT 

GENERATION 

Fig. 1 a 
PRIOR ART 

151 

ANALYZER 

INFO 
OUT CHECKSUM 

VERIFER 
VTERBI 
DECODER DEPUNCTURING 

ERROR 

Fig. 1b 
PRIOR ART 

  

  

  

      

  

  

  

  

  



U.S. Patent Jun. 6, 2006 Sheet 2 of 8 US 7,058,132 B1 

201 202 203 204 

INFO ENCODE TRANSMT RECEIVE DECODE he INFO 

Fig. 2a 
PRIOR ART 

254 251 252 253 

ENCODE TRANSMT RECEIVE DECODE INFO1 

SELECT 
INFO2 CODE INFO2 

Fig.2b 

INFO1 

  

  



U.S. Patent Jun. 6, 2006 Sheet 3 of 8 US 7,058,132 B1 

101 110 
TAL BIT 

GENERATION 

102 
TRAINING SEO. 
GENERATION 

301 
CAPABILITIES 108 109 

INDICATOR GEN. 
03. 302 S 
INFORMATION BIT SCRAM- S 
GENERATION BLER S T 

106 S. CO r 
PARTY BIT f 

CACULATION s 2 
104. 107 S S. 

BSD MODUO2 3 2 
PROVIDER AODER 9 

a 
105 O 

TAL BIT 
GENERATION O 

Fig. 3a 

304 
INCORPORATED 
DESCRAMBLER 

15 

SYNC 
ANALYZER 

153 154 303 
VITERB CHECKSU 

DEPUNCTURING DECODER VERIFER 

ERROR SCRAMBLING 
SCHEME 

Fig. 3b D OUTPUT 

  

  

  

  

  

  

  

  



U.S. Patent Jun. 6, 2006 Sheet 4 of 8 US 7,058,132 B1 

101 110 
TAIL BIT 

GENERATION 

102 
TRAINING SEO. 
GENERATION 

301 
CAPABILITIES 108 N 109 

INDICATOR GEN. 401 
103 
INFORMATION BIT 
GENERATION 

106 
PARTY BIT 

CALCULATION 
104 107 

BTSD MODULO2 
PROVIDER ADDER 

TAL BIT 
GENERATION 

C 

C 
s 
5 
U 
H 
Ct) 

O 
CO 

105 

CD 
2 
O 
H 
O 
2 
d 
Q 

Fig. 4a 

404 
NCORPORATED 
DESCRAMBLER 

151 

: 
ANALYZER 

INFO 
CHECKSU OUT 
VERFER 

154 
VITERB 
DECODER DEPUNCTURING 

ERROR SCRAMBLING 
SCHEME 

Fig. 4b D OUTPUT 

  

  

      

  

  

  

  

  

    

  

  

  



U.S. Patent Jun. 6, 2006 Sheet S of 8 US 7,058,132 B1 

O 110 
TAL BIT 

GENERATION 

102 
TRAINING SEO. 
GENERATION 

301 
CAPABILITIES 501 109 

INDICATOR GEN. 
103 108 s 
NFORMATION BIT 35 
GENERATION t 

106 5S CD 2 
PARTYBES E - al CALCUATION S Seg - 

104 107 at 5 9. 
BTSD MODULO2 R5 S3 2 

PROVIDER ADDER 

05 
TAL BIT 

GENERATION 

Fig. 5a 

151 

3 SYNC 
C- ANALYZER 
s 
8 

153 5O2 54 155 
ar DESCRAM VTERB CHECKSUM 
; PEPUNCTURNEA" DECODER VERFER 
o 

SCRAMBLING ERROR 
SCHEME 
D OUTPUT Fig. 5b 

  

    

    

  

  



U.S. Patent Jun. 6, 2006 Sheet 6 of 8 US 7,058,132 B1 

101 110 
TAIL BIT 

GENERATION 

102 

GENERATION 
301 

CAPABILITIES 109-N 601 
INDICATOR GEN. 108 

103 
INFORMATION BIT 
GENERATION 

106 
PARTY BIT 

CALCULATION 
107 104. 

BTSD MODULO2 

105 

GENERATION 

s 

Fig. 6a 

151 

SYNC 
ANALYZER 

602 153 54 155 E. 
DESCRAM- VTERBI CHECKSUM 

DEPUNCTURING PE VERIFER 

SCRAMBLING ERROR 
SCHEME 

ID OUTPUT Fig. 6b 

  

  

  

  

  

  

  

  



U.S. Patent Jun. 6, 2006 Sheet 7 of 8 US 7,058,132 B1 

101 110 
AIL BIT 

GENERATION 

102 
TRAINING SEO. 
GENERATION 

301 
CAPABILITIES 701 109 
NDICATOR GEN. 

O3 
INFORMATION BIT 
GENERATION 106 

PARTY BIT 
CACULATION 

104 107 
BTSD MODULO2 

PROVIDER AODER 

105 
TAL BIT 

GENERATION 

SYNC 
ANALYZER 

53 

DEPUNCTURING 

aC 
s 
5 
T 

O 

Fig. 7a 

151 

INFO 
OUT CHECKSUM 

VERIFER 
VTERBI 
DECODER 

SCRAMBLING ERROR 
SCHEME 

Fig. 7b D OUTPUT 

  

  

  

  

  

  

  

  

  

  

  

  

  



U.S. Patent Jun. 6, 2006 Sheet 8 of 8 US 7,058,132 B1 

101 10 
TAL BIT 

GENERATION 

102 
TRAINING SEO. 
GENERATION 

103 108 109 
INFORMATION BIT 
GENERATION 

30 801 
CAPABILITIES PARTY BIT 

INDICATOR GEN. CALCULATION 

104 107 
BTSD MODULO 2 

PROVIDER ADDER 

TAL BIT 
GENERATION 

C 

CC 
S 
35 

O 
o 

105 

Fig. 8a 

151 
803 

ADAPTIVE 
VERIF. PROCESS 

SYNC 
ANALYZER 

153 

DEPUNCTURING 

802 INFO 
CHECKSU OUT 
VERIFIER 

ERROR SCRAMBLING 
SCHEME 

Fig. 8b D OUTPUT 
PRIOR ART 

154 
VITERB 
DECODER 

  

  

  

    

  

  

  

  

  

  

  

  



US 7,058,132 B1 
1. 

METHOD AND ARRANGEMENT FOR USING 
A SELECTED SIGNAL PROCESSING 
SCHEME TO CARRY INFORMATION 

TECHNOLOGICAL FIELD 5 

The invention concerns generally the technological field 
of conveying digital information over a wireless interface 
from a transmitting device to a receiving device. Especially 
the invention concerns the use of a certain selected signal 
processing scheme to carry meaningful information. 

10 

BACKGROUND OF THE INVENTION 15 

In standardized digital wireless systems like digital cel 
lular radio networks there is a standardized form for each 
message that a transmitting device is allowed to transmit 
over the wireless interface to the receiving device. Due to 
the limited number of available transmission frequencies 
and the requirements for minimized delays each message 
should be as compact as possible. This has resulted in 
difficulties when extensions and additions to the existing 
standards are made afterwards. 

25 

In digital wireless systems the contents of all messages 
are basically sequences of bits with a limited sequence 
length. The specifications usually reserve some otherwise 
unspecified bit combinations for future additions and exten 
sions, but it may happen that in the future so many additions 
and extensions are made that these simply run out. In Such 
a situation it is usually required that a completely new kind 
of a message is specified, which has serious implications in 
the form of required upgrading of system hardware and 
software. 

30 

As an example we will examine the known packet access 
burst format which is defined in the specifications of the 
GSM system (Global System for Mobile telecommunica 
tions) for the use of mobile stations when they want to 
request resources for a dedicated packet data channel. The 
definition of a packet access burst covers 157 consecutive 
bits according to Table I. 

40 

45 

TABLE I 

Field 
Bit no. length Field contents Definition 

O-7 8 
8 48 41 

extended tail bits 
synchronization 
Sequence 

50 

49-84 36 encrypted bits 11 information bits, 6 parity 
bits and a base station 
identifier; all coded together 
O, O, O 
period of no transmission 
at all 

55 

85-87 3 
88-156 68.25 

tail bits 
extended guard period 

60 
The actual information content of the packet access 

request must be represented by the 11 information bits 
mentioned on the middle row of Table I. It is clear that the 
amount of information that can be represented with only 11 
bits is quite limited. Table II shows the definitions which are 
currently given to the contents of the field of 11 information 
bits. 

65 

2 

TABLE II 

Packet 

Channel Access 

One Phase Access 
Request (OPAR) 
Short Access 
Request (SAR) 
Two Phase Access 
Request (TPAR) 

1 1 O O 1 p p r Page Response 
1 1 O O 1 p p r Cell Update 
1 1 0 0 1 1 p p r Mobility Man 

agement Procedure 
Single Block wo 
TBF establishment 
Reserved 

1 1 O 1 O O. r r r 

All others 

In the table a letterm represents a bit that is a part of a MS 
multislot class indicator (there are 29 classes, so 5 bits are 
required), a letter p represents a bit that is a part of a radio 
priority indicator (4 priorities, 2 bits), a lettern represents a 
bit that is a part of an indicator revealing the number of RLC 
(Radio Link Control) data blocks requested during a mobile 
originated TBF (Temporary Block Flow) (max. 8 blocks, 3 
bits) and a letter r represents a bit that is a part of a random 
reference in an otherwise unformatted field. 
As a specific example, despite the relatively large number 

of “Reserved bit combinations there appears to be no 
suitable and unspecified bit combinations that a mobile 
station could use to separately indicated its capability of 
using either the basic GPRS (General Packet Radio System), 
the EGPRS (Extended GPRS) with eight-level phase shift 
keying (8PSK) as the modulation method or the EGPRS 
without 8PSK as the modulation method, when the mobile 
station is making a One Phase Access Request (OPAR), a 
Short Access Request (SAR) or a Two Phase Access Request 
(TPAR). The possibility of even further similar needs is also 
foreseeable. 

A proposal has been made to abandon the rule of having 
only one allowed form for the synchronization sequence 
(also known as the training sequence) and to use the selected 
form of the synchronization/training sequence as an indica 
tor of a certain piece of information. However, this known 
Solution has the drawback that it requires some complicated 
and potentially expensive changes to be made in some older 
devices existing in the networks that are to be used to 
provide the packet data services. Another proposal is to 
modulate the message to be transmitted with one of a set of 
alternative modulation methods so that the selection of the 
modulation method would indicate the modulation and 
demodulation capabilities of the device transmitting the 
message. This method is only applicable when there are 
several modulation methods to choose from, and it rules out 
the advantageous proposal of using always the simplest and 
robustest modulation method to modulate important mes 
Sages like access requests. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
for increasing the information transmission capacity of a 
message in a digital wireless system without the drawbacks 
of prior art solutions. It is also an object of the present 
invention to provide the hardware that is required to imple 
ment the method. 
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The objects of the invention are accomplished by defining 
a set of allowed signal processing methods that are used to 
prepare the contents of the message in the baseband domain 
before finally assembling it for transmission, and using a 
certain selection for the signal processing method to convey 
a certain piece of information. 
The method according to the invention is characterized in 

that it comprises the steps of 
providing a second piece of information to be transmitted 

and 
Selecting the baseband signal processing method from a 

set of allowed baseband signal processing methods in 
accordance with the provided second piece of informa 
tion. 

The invention also applies to a transmitting device which 
comprises the characteristic features of 

means for providing a second piece of information to be 
transmitted and 

means for selecting the baseband signal processing 
method from a set of allowed baseband signal process 
ing methods in accordance with the provided second 
piece of information. 

The invention applies further to a receiving device which 
comprises the characteristic features of 

means for selecting the baseband signal processing 
method from a set of allowed baseband signal process 
ing methods so that applying it produces a first piece of 
received information which satisfies a certain criterion 
of acceptance and 

means for providing a second piece of received informa 
tion in the form of the identified baseband signal 
processing method. 

Additionally the invention applies to a digital wireless 
system which comprises the characteristic features of 

in the transmitting device means for providing a second 
piece of information to be transmitted and means for 
Selecting the baseband signal processing method from 
a set of allowed baseband signal processing methods in 
accordance with the provided second piece of informa 
tion, and 

in the receiving device means for selecting the baseband 
signal processing method from a set of allowed base 
band signal processing methods so that applying it 
produces a first piece of received information which 
satisfies a certain criterion of acceptance and means for 
providing a second piece of received information in the 
form of the identified baseband signal processing 
method. 

In the research work resulting in the invention it was 
noticed that several coding schemes that are used to com 
pose the encoded contents of an information field in a 
message have features resembling orthogonality, i.e. it is 
only possible to decode a certain encoded bit sequence with 
the correctly selected decoding method while the decoding 
methods associated with the other coding schemes do not 
give any meaningful results. Consequently it was found out 
that the selection of coding scheme, or in wider sense the 
selection of a baseband signal processing method, can be 
used to convey a piece of information. 
When a set of allowed baseband signal processing meth 

ods with their associated reverse processing methods have 
been defined, we may define an unequivocal correspondence 
between each individual baseband signal processing (and 
reverse processing) method and the corresponding piece of 
information which is most advantageously taken from a set 
of mutually exclusive pieces of information: if only one 
baseband signal processing method is selected at a time, 
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4 
only one piece of information may be conveyed by the 
selection. The transmitting device makes its selection 
according to which piece of information it wants to transmit. 
The receiving device does not generally know the selection 
beforehand, so typically it has to experiment with the 
different reverse processing methods to find the one which 
gives meaningul results. 
As the baseband signal processing methods referred to 

above we may take for example different scrambling pat 
terns, so that only the correct descrambling pattern restores 
the Scrambled message in its original form, or different 
convolutional encoding schemes, so that the correct decod 
ing scheme has to be found. It is advantageous to calculate 
a certain checksum from the information bits of the message 
before the selected baseband signal processing method is 
applied so that recalculating the checksum at the receiving 
end reveals the correct reverse processing method: the 
receiving device tries different reverse processing methods 
and the one that facilitates the calculation of a matching 
checksum is most probably the correct one. Only if a very 
specific error has occurred during transmission may it hap 
pen that actually an incorrect reverse processing method 
gives the message in a form where the checksum seems to 
match. 
A further possible allowed set of mutually exclusive 

baseband signal processing methods may be formed around 
the process of calculating a checksum: the formula used to 
calculate the checksum is selected from a set of mutually 
(nearly) orthogonal formulas according to the piece of 
“additional information which is to be transmitted, and the 
receiving device tries the calculation formulas one at a time 
until it finds the one which gives a matching checksum. 

BRIEF DESCRIPTION OF DRAWINGS 

The novel features which are considered as characteristic 
of the invention are set forth in particular in the appended 
claims. The invention itself, however, both as to its con 
struction and its method of operation, together with addi 
tional objects and advantages thereof, will be best under 
stood from the following description of specific 
embodiments when read in connection with the accompa 
nying drawings. 

FIG. 1a illustrates a known encoding principle, 
FIG. 1b illustrates a known decoding principle, 
FIG.2a summarizes the known functions of FIGS. 1a and 

1b, 
FIG. 2b illustrates an advantageous coding and decoding 

principle according to the invention, 
FIG. 3a illustrates an encoding principle according to a 

first embodiment of the invention, 
FIG. 3b illustrates a decoding principle according to the 

first embodiment of the invention, 
FIG. 4a illustrates an encoding principle according to a 

second embodiment of the invention, 
FIG. 4b illustrates a decoding principle according to the 

second embodiment of the invention, 
FIG. 5a illustrates an encoding principle according to a 

third embodiment of the invention, 
FIG. 5b illustrates a decoding principle according to the 

third embodiment of the invention, 
FIG. 6a illustrates an encoding principle according to a 

fourth embodiment of the invention, 
FIG. 6b illustrates a decoding principle according to the 

fourth embodiment of the invention, 
FIG. 7a illustrates an encoding principle according to a 

fifth embodiment of the invention, and 
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FIG. 7b illustrates a decoding principle according to the 
fifth embodiment of the invention. 

Similar parts in the drawing are referred to by the same 
reference designators. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1a is a schematic block diagram that illustrates the 
known encoding scheme that is used to compose a packet 
access request message in accordance with the known GSM 
and GPRS specifications. To start with there is at the left of 
FIG. 1a a first tail bit generator 101 to generate the constant 
bit patterns shown as extended tail bits and tail bits in Table 
I, a training sequence generator 102 to generate the Syn 
chronization sequence shown in Table I, an information bit 
generator 103 to generate the 11 information bits the use of 
which is shown in Table II, a BTS ID provider block 104 to 
provide the identifier of the base station to which the access 
request will be directed, and a second tail bit generator 105 
to provide certain constant bits used in the encoding. The 
output of the information bit generator 103 is coupled to a 
parity bit calculator 106 which takes the eleven information 
bits d(0), d(1),..., d(10) and determines six parity bits p(0). 
p(1),..., p(5) so that the binary polynomial d(0)D'+ . . . 
+d(10)D+p(0)D+...+p(5) when divided by D+D+D+ 
D+D+1 yields a remainder equal to D+D+D+D+D+1, 
where the D's are certain multipliers defined in the system 
specifications. The parity bits p(0), p(1), ..., p(5) are led to 
a modulo 2 adder block 107. 
The BTS ID provider block 104 provides six identifier 

bits B(0), B(1), ..., B(5) to the modulo 2 adder block 107 
which then performs a bitwise modulo 2 addition resulting 
in six colour bits C(0), C(1), . . . . C(5) so that C(k)=B(k)+ 
p(k) for each k=0 to 5. The outputs of the information bit 
generator 103, the modulo 2 adder block 107 and the second 
tail bit generator 105 are coupled to the convolutional 
encoder 108 so that the twenty-one input bits u(0), u(1), ..., 
u(20) thereof may be defined as follows: u(k)=d(k) for k=0 
to 10, u(k)=C(k-11) for k=11 to 16 and u(k)=0 for k=17 to 
20. From these twenty-one input bits u(0), u(1), . . . . u(20) 
the convolutional encoder 108 produces forty-two convolu 
tionally encoded output bits c(0), c(1), . . . . c(41) by 
applying, a convolutional code defined by the polynomials 
G0=1+D+D" and G1=1+D+D+D", i.e. c(2k)=u(k)+u(k- 
3)+u(k)and c(2k+1)-u(k)+u(k-1)+u(k-3)+u(k-4) for k=0 to 
20 and u(k)=0 for k-0. These encoded bits are fed into the 
puncturing block 109 which removes the encoded bits c(0), 
c(2), c(5), c(37), c(39) and c(41) to produce the thirty-six 
encrypted bits mentioned in Table I. The outputs of the 
blocks 101, 102 and 109 are coupled to a burst formatter 110 
which composes the actual transmission burst by putting the 
corresponding bits into the order shown in Table I. 

FIG. 1b is a schematic block diagram illustrating a known 
decoder used to decode transmissions where the packet 
access requests haven been composed by an encoding 
arrangement shown in FIG. 1a. A burst decomposer block 
151 reverses the function of the burst formatter 110. The 
training sequence is used in the synchronization analyzer 
block 152 to provide timing feedback into the burst decom 
position and previous receiving operations (not shown). A 
depuncturing block 153 is used to fill the punctured gaps in 
the sequence of coded bits by indefinite information, result 
ing in a restored sequence of forty-two encoded bits. A 
Viterbi decoder 154 decodes the convolutional code and 
provides a sequence of twenty-one bits that should be the 
same as the bits u(0), u(1), . . . . u(20) referred to above, if 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
no transmission errors have occurred. The reception takes 
place at a base station where the base station identifier is 
known, so from the C(k) bits that form a part of the u(k) bits 
the checksum verifier block 155 is able to deduce the 
original parity bits by a new bitwise addition. The checksum 
verifier block 155 recalculates the parity bits, also known as 
the checksum, from the original information bits and com 
pares them to the parity bits received within the message. If 
there is a match the checksum verifier block 155 outputs the 
information bits, and if there is no match the checksum 
verifier block 155 gives an error indication causing the 
received packet access request to be neglected by the base 
station as erroneous. 
FIG.2a summarizes the known functions of FIGS. 1a and 

1b on a more abstract level. A certain piece of information 
is encoded in block 201 and transmitted by block 202 in 
encoded form. In the receiving end the encoded piece of 
information is received by block 203 and decoded by block 
204. In the absence of transmission errors the same piece of 
information is thus restored. 
FIG.2b shows how a second piece of information may be 

conveyed by selecting the coding scheme in a certain way. 
The first piece of information is actually conveyed through 
the encoder 251, the transmitter 252, the receiver 253 and 
the decoder 254 substantially similarly as in FIG. 2a. 
However, there are more encoding schemes available than 
just one, and the second piece of information defines the 
selection through block 255. Similarly in the receiving end 
there is a block 256 the task of which is to find out which 
coding scheme has been applied and to instruct the decoder 
block 254 to use the correct decoding method. The identi 
fication of the correct coding scheme simultaneously reveals 
the second piece of information. 
The combination of two different pieces of information 

may naturally be used for conveying arbitrary messages, but 
the invention is particularly useful in situations where the 
first piece of information stays the same and the second 
piece of information is some additional information that 
should also be conveyed to the receiving device. A typical 
example is the signalling of the capabilities of the mobile 
station to the base station in association with a packet access 
request. The basic information stays the same: the mobile 
station wants to send a One Phase Access Request (OPAR), 
a Short Access Request (SAR) or a Two Phase Access 
Request (TPAR). However, simultaneously it wants to 
inform the base station about its eventual EGPRS capability 
with or without the 8PSK modulation method. 
We may define the alternative coding schemes (or more 

generally the baseband signal processing schemes) that are 
used to signal the mobile station’s capabilities so that the 
known coding scheme explained above in association with 
FIGS. 1a and 1b is one of them, and especially the known 
coding scheme is the one that indicates that the mobile 
station only has the basic capabilities known from prior art. 
This definition has the advantage that even all devices that 
have not been made to operate according to the present 
invention will continue to function properly despite of the 
introduction of the invention. 

FIG. 3a is a more detailed block diagram of an encoder 
according to a certain first embodiment of the invention. The 
blocks of the encoder which are known from FIG. 1a are 
complemented by a capabilities indicator generator block 
301 which determines the capability indication which should 
be transmitted to a base station as a part of a packet access 
request. Taken that there are three alternative capabilities 
(basic GPRS, EGPRS with 8PSK, EGPRS without 8PSK) to 
be signalled to the base station, the output of block 301 need 
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not be anything else than a two-bit indicator the defined 
values of which correspond to the mentioned alternative 
capabilities. Additionally there is a scrambler block 302 
located at the output of the information bit generator 103. 
The scrambler 302 is programmed to respond to the allowed 
two-bit indicator values it receives from block 301 by 
selecting and implementing a distinctive Scrambling func 
tion that unequivocally corresponds to the current indicator 
value. A scrambling function means that the bits are re 
arranged to another order. One of the scrambling functions 
is most advantageously a “null scrambling function mean 
ing that no scrambling at all is made; this is most advanta 
geously the one that corresponds to the signalling of “basic 
GPRS. 
The capabilities indicator generator block 301 may give 

always the same indicator value that describes the full 
capability of the mobile station, or it may be programmable 
so that for example a user selection may cause the mobile 
station to act as if it did not have all the capabilities it 
actually has. For example if the pricing policy applied by the 
network operator favours basic GPRS mobile stations it may 
be advantageous to make a mobile station act like one. 

The alternative scrambling functions implemented by the 
scrambling block should be “orthogonal” in the sense that if 
a set of parity bits is calculated for a set of information bits 
scrambled by a certain first scrambling function it is not 
possible that the same parity bits are obtained for a certain 
other set of information bits scrambled by another scram 
bling function. Suitable Scrambling functions may be found 
through experimenting. 

FIG. 3b is a schematic block diagram illustrating a 
decoder which should be used to decode transmissions 
where the packet access requests haven been composed by 
an encoding arrangement shown in FIG. 3a. The most 
important difference to the known arrangement is that the 
checksum verifier block 303 houses an incorporated 
descrambler 304. The task of the descrambler 304 is to 
reverse the effect of the scrambling function used in the 
transmitting end. Advantageously the combined checksum 
verifier and descrambler block 303/304 operates so that from 
each received and Viterbi decoded packet access request the 
eleven scrambled information bits are restored and the steps 
of descrambling them and calculating the parity bits for the 
result is repeated for all three possible descrambling func 
tions. If exactly one of the descrambling functions gives an 
information bit sequence for which the parity bit calculation 
gives a match, the checksum verifier and descrambler block 
303/304 gives at one output the identifier of the identified 
descrambling method, which is then the same as the descrip 
tor for the mobile stations capabilities. This information is 
led to a functional block at the base station and/or at a base 
station controller that stores the capability information 
describing the mobile stations (not shown). If none of the 
descrambling methods results in a parity match, or if two or 
more descrambling methods result in a parity match the 
error indication output (and/or the identified descrambling 
method output) is used to indicate an error, whereby the 
packet access request should be denied. 

It is possible to have the decoder to try the different 
descrambling functions only until it finds a match, but this 
makes it impossible to detect an error which causes at least 
two descrambling functions to erroneously give positive 
results. 

FIG. 4a shows an alternative embodiment where the 
capabilities indicator generator block 301 operates as 
described above but its output is led to scrambler 401 which 
scrambles the parity encoded bits u(k), k=0 to 16 instead of 
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8 
the information bits d(k), k=0 to 10 as in FIG. 3a. In other 
words the scrambler 401 is coupled to the outputs of the 
information bit generator 103 and the modulo 2 adder block 
107. Otherwise the same considerations as above apply to its 
operation. Similarly in FIG. 4b the checksum verifier 403 
now houses an incorporated descrambler 404 that is 
arranged to perform the descrambling function before the 
decomposition of the combined BTS ID, parity and infor 
mation bits into these parts. Otherwise the same condirations 
apply also to the receiver part that were given above in 
association with FIG. 3b. 

FIG. 5a shows yet an alternative embodiment where the 
capabilities indicator generator block 301 again operates as 
described above but its output is led to scrambler 501 which 
scrambles the output of the convolutional encoder 108, i.e. 
the coded bits c(k), k=0 to 41, instead of the parity encoded 
bits u(k), k=0 to 16 as in FIG. 4a or the information bits d(k), 
k=0 to 10 as in FIG.3a. Otherwise the same considerations 
as above apply to its operation. FIG. 5b shows the decoding 
arrangement where the checksum verifier 155 may now be 
similar to those in prior art decoders, because the descram 
bling function is implemented in a separate descrambling 
block 502 between the output of the depuncturing block 153 
and the input of the Viterbi decoder 154. Because the 
descrambling function is now separated from the checksum 
verifier, the operation of the whole decoder chain must be 
coordinated so that after depuncturing a separate decoding 
run from the descrambling step to the checksum verification 
step is made for each alternative descrambling function. 
Otherwise the operation is as explained above: one correctly 
decoding descrambling function is taken as an indication of 
successfully identified capabilities indicator from the mobile 
station, and fewer or more correctly decoding descrambling 
functions are interpreted as errors. The identification of the 
correct descrambling method is got by comparing the indi 
cator outputs of blocks 502 and 155. 

FIG. 6a shows yet an alternative embodiment where the 
capabilities indicator generator block 301 again operates as 
described above but its output is led to scrambler 601 which 
scrambles the output of the puncturing block 109, i.e. the 
coded and punctured bits c(k), k=1 to 40 but not 2, 5, 37 or 
39, instead of the coded bits c(k), k=0 to 41 as in FIG. 5a, 
the parity encoded bits u(k), k=0 to 16 as in FIG. 4a or the 
information bits d(k), k=0 to 10 as in FIG.3a. Otherwise the 
same considerations as above apply to its operation. FIG. 6b 
shows the decoding arrangement where the checksum veri 
fier 155 may again be similar to those in prior art decoders, 
because the descrambling function is implemented in a 
separate descrambling block 602 between the output of the 
burst decomposer block 151 and the input of the depunc 
turing block 153. The descrambling function is again sepa 
rated from the checksum verifier, so the operation of the 
whole decoder chain must be coordinated so that a com 
pletely separate decoding run from the descrambling step 
through depuncturing, Viterbi decoding and checksum veri 
fication is made for each alternative descrambling function. 
Otherwise the operation is as explained above: one correctly 
decoding descrambling function is taken as an indication of 
successfully identified capabilities indicator from the mobile 
station, and fewer or more correctly decoding descrambling 
functions are interpreted as errors. The identification of the 
correct descrambling method is got by comparing the indi 
cator outputs of blocks 602 and 155. 
The embodiments given above may be varied for example 

so that to indicate basic GPRS capabilities no scrambling is 
made at all, to indicate EGPRS capabilities with 8PSK a 
certain first scrambling function is applied at a certain first 
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location in the encoding chain, and to indicate EGPRS 
capabilities without 8PSK a certain second scrambling func 
tion is applied at a certain second location in the encoding 
chain. Allowing several kinds of alternative scrambling 
functions to take place at several alternative locations in the 
encoding chain also increases the number of individual and 
distinctive pieces of information that can be conveyed by 
using Solely the application of Scrambling as an identifier, 
but simultaneously it makes the required decoder structure 
more complicated and the required decoder processing 
speed faster since a large number of decoding runs must be 
made to make Sure that exactly one descrambling method 
gives the correct result. 

FIG. 7a shows yet another embodiment of the invention 
in the form of a schematic block diagram of an encoder. 
Other parts of the encoder are as in FIG. 3a, but there is no 
scrambler at all. Instead there is a convolutional encoder 701 
which is capable of alternatively applying one of at least 
three different and substantially orthogonal convolutional 
codes depending on the input it receives from the capabili 
ties indicator generator block 301. One of the convolutional 
codes is the one known from prior art and given above, and 
other Suitably orthogonal convolutional codes are easily 
obtained by applying the known theory of convolutional 
codes and/or by experimenting. In the decoder of FIG.7b the 
Viterbi decoder 702 is similarly capable of alternatively 
applying one of at least three decoding schemes which 
correspond one-to-one to the Substantially orthogonal con 
volutional codes used at the transmitter. The indication of 
Successful decoding (exactly one decoding scheme is 
allowed to be successful) goes as is explained above in 
association with descrambling. 

In addition to the Scrambling/descrambling and convolu 
tional coding/viterbi decoding alternatives described above 
it is possible to use different definitions for the blocks that 
calculate the parity bits in the transmitting end and verify 
them in the receiving end. FIGS. 8a and 8b show block 
diagrams of Such embodiments of the invention; affected 
blocks are the blocks 801, 802 and 803. 

The invention claimed is: 
1. A method for conveying information over a wireless 

interface in the form of a digitally encoded message, said 
message comprising: 

providing a set of bits as a first piece of information to be 
transmitted, 

applying a certain baseband signal processing method to 
process the bits to be transmitted, 

providing a second piece of information to be transmitted, 
said second piece of information indicating capabilities 
of a transmitter for said first and second pieces of 
information, and 

Selecting the baseband signal processing method from a 
set of allowed baseband signal processing methods in 
accordance with the provided second piece of informa 
tion. 

2. A transmitting device for transmitting information over 
a wireless interface in the form of a digitally encoded 
message, said device comprising: 

means for providing a set of bits as a first piece of 
information to be transmitted, 

means for applying a certain baseband signal processing 
method to process the bits to be transmitted, 

means for providing a second piece of information to be 
transmitted, said second piece of information indicating 
capabilities of a transmitter for said first and second 
pieces of information, and 
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10 
means for selecting the baseband signal processing 

method from a set of allowed baseband signal process 
ing methods in accordance with the provided second 
piece of information. 

3. A receiving device for receiving information over a 
wireless interface in the form of a digitally encoded mes 
Sage, said device comprising: 
means for receiving a set of bits as the representative of 

a first piece of received information, 
means for applying a certain baseband signal processing 

method to process the set of bits, 
means for selecting the baseband signal processing 

method from a set of allowed baseband signal process 
ing methods so that applying the selected baseband 
signal processing method produces a first piece of 
received information which satisfies a certain criterion 
of acceptance, and 

means for providing a second piece of received informa 
tion in the form of the selected baseband signal pro 
cessing method, said second piece of information indi 
cating capabilities of a transmitter for said first and 
second pieces of information. 

4. A communication system comprising: 
a transmitting device and a receiving device, 
the transmitting device including means for providing a 

set of bits as a first piece of information to be trans 
mitted and means for applying a certain baseband 
signal processing method to process the bits to be 
transmitted, 

the transmitting device further including means for pro 
viding a second piece of information to be transmitted, 
said second piece of information indicating capabilities 
of a transmitter for said first and second pieces of 
information, and means for selecting the baseband 
signal processing method from a set of allowed base 
band signal processing methods in accordance with the 
provided second piece of information, 

the receiving device including means for receiving a set of 
bits as the representative of a first piece of received 
information and means for applying a certain baseband 
signal processing method to process the set of bits, and 

the receiving device further including means for selecting 
the baseband signal processing method from a set of 
allowed baseband signal processing methods so that 
applying the selected baseband signal processing 
method produces a first piece of received information 
which satisfies a certain criterion of acceptance and 
means for providing a second piece of received infor 
mation in the form of the selected baseband signal 
processing method. 

5. The method of claim 1, wherein said selection com 
prises selecting the baseband signal processing method from 
between alternative scrambling functions, between alterna 
tive convolutional codes or between alternative parity bit 
calculation methods in accordance with the provided second 
piece of information. 

6. The transmitting device of claim 2, wherein said 
selecting means includes means for selecting the baseband 
signal processing method from between alternative scram 
bling functions, between alternative convolutional codes or 
between alternative parity bit calculation methods in accor 
dance with the provided second piece of information. 

7. The receiving device of claim 3, wherein said selecting 
means includes means for selecting the baseband signal 
processing method from between alternative Scrambling 
functions, between alternative convolutional codes or 
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between alternative parity bit calculation methods in accor- bling functions, between alternative convolutional codes or 
dance with the provided second piece of information. between alternative parity bit calculation methods in accor 

8. The communication system of claim 4, wherein said dance with the provided second piece of information. 
selecting means includes means for selecting the baseband 
signal processing method from between alternative scram- k . . . . 


